Anisotropy studies around the galactic centre at EeV energies with the Auger Observatory by Badagnani, Daniel Omar et al.
www.elsevier.com/locate/astropart
Astroparticle Physics 27 (2007) 244–253Anisotropy studies around the galactic centre at EeV energies
with the Auger Observatory
The Pierre Auger Collaboration
J. Abraham f, M. Aglietta ao, C. Aguirre h, D. Allard bu, I. Allekotte a, P. Allison bq,
C. Alvarez as, J. Alvarez-Mun˜iz bf, M. Ambrosio al, L. Anchordoqui bp,ca, J.C. Anjos j,
C. Aramo al, K. Arisaka bt, E. Armengaud v, F. Arneodo ap, F. Arqueros bd, T. Asch ab,
H. Asorey a, B.S. Atulugama br, J. Aublin u, M. Ave bu, G. Avila c, J. Bacelar ax, T. Ba¨cker af,
D. Badagnani e, A.F. Barbosa j, H.M.J. Barbosa m, M. Barkhausen z, D. Barnhill bt,
S.L.C. Barroso j, P. Bauleo bk, J. Beatty bq, T. Beau v, B.R. Becker by, K.H. Becker z,
J.A. Bellido bz, S. BenZvi bl, C. Berat y, T. Bergmann ae, P. Bernardini aj, X. Bertou a,
P.L. Biermann ac, P. Billoir x, O. Blanch-Bigas x, F. Blanco bd, P. Blasi ai,aq, C. Bleve bi,
H. Blu¨mer ae,aa, P. Boghrat bt, M. Boha´cˇova´ t, C. Bonifazi j, R. Bonino ao, M. Boratav x,
J. Brack bv, J.M. Brunet v, P. Buchholz af, N.G. Busca bu, K.S. Caballero-Mora ae, B. Cai bw,
D.V. Camin ak, J.N. Capdevielle v, R. Caruso ar, A. Castellina ao, G. Cataldi aj, L. Cazo´n bu,
R. Cester an, J. Chauvin y, A. Chiavassa ao, J.A. Chinellato m, A. Chou bm, J. Chye bo,
D. Claes bx, P.D.J. Clark bh, R.W. Clay g, S.B. Clay g, B. Connolly bl, A. Cordier w,
U. Cotti au, S. Coutu br, C.E. Covault bj, J. Cronin bu, S. Dagoret-Campagne w,
T. Dang Quang cb, P. Darriulat cb, K. Daumiller aa, B.R. Dawson g, R.M. de Almeida m,
L.A. de Carvalho m, C. De Donato ak, S.J. de Jong aw, W.J.M. de Mello Junior m,
J.R.T. de Mello Neto q, I. De Mitri aj, M.A.L. de Oliveira o, V. de Souza l, L. del Peral be,
O. Deligny u, A. Della Selva al, C. Delle Fratte am, H. Dembinski ad, C. Di Giulio am,
J.C. Diaz bo, C. Dobrigkeit m, J.C. D’Olivo av, D. Dornic u, A. Dorofeev bn, M.T. Dova e,
D. D’Urso al, M.A. DuVernois bw, R. Engel aa, L. Epele e, M. Erdmann ad, C.O. Escobar m,
A. Etchegoyen c, A. Ewers z, P. Facal San Luis bf, H. Falcke az,aw, A.C. Fauth m, D. Fazio ar,
N. Fazzini bm, A. Ferna´ndez as, F. Ferrer bj, S. Ferry bc, B. Fick bo, A. Filevich c,
A. Filipcˇicˇ bc, I. Fleck af, E. Fokitis ag, R. Fonte ar, D. Fuhrmann z, W. Fulgione ao,
B. Garcı´a f, D. Garcia-Pinto bd, L. Garrard bk, X. Garrido w, H. Geenen z, G. Gelmini bt,
H. Gemmeke ab, A. Geranios ah, P.L. Ghia ao, M. Giller bb, J. Gitto f, H. Glass bm,
F. Gobbi f, M.S. Gold by, F. Gomez Albarracin e, M. Go´mez Berisso a, R. Go´mez Herrero be,
M. Gonc¸alves do Amaral r, J.P. Gongora f, D. Gonzalez ae, J.G. Gonzalez bp, M. Gonza´lez at,
D. Go´ra ba,ae, A. Gorgi ao, P. Gouﬀon k, V. Grassi ak, A. Grillo ap, C. Grunfeld e,
C. Grupen af, F. Guarino al, G.P. Guedes n, J. Gutie´rrez be, J.D. Hague by, J.C. Hamilton x,
M.N. Harakeh ax, D. Harari a, S. Harmsma ax, S. Hartmann z, J.L. Harton bk, A. Haungs aa,
M.D. Healy bt, T. Hebbeker ad, D. Heck aa, C. Hojvat bm, P. Homola ba, J. Ho¨randel ae,
A. Horneﬀer aw, M. Horvat bc, M. Hrabovsky´ t, T. Huege aa, M. Iarlori ai, A. Insolia ar,
M. Kaducak bm, O. Kalashev bt, K.H. Kampert z, B. Keilhauer ae, E. Kemp m,0927-6505/$ - see front matter  2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.astropartphys.2006.11.002
J. Abraham et al. / Astroparticle Physics 27 (2007) 244–253 245H.O. Klages aa, M. Kleifges ab, J. Kleinfeller aa, R. Knapik bk, J. Knapp bi, D.-H. Koang y,
Y. Kolotaev af, A. Kopmann ab, O. Kro¨mer ab, S. Kuhlman bm, J. Kuijpers aw, N. Kunka ab,
A. Kusenko bt, C. Lachaud v, B.L. Lago q, D. Lebrun y, P. LeBrun bm, J. Lee bt,
A. Letessier-Selvon x, M. Leuthold ad,bq, I. Lhenry-Yvon u, G. Longo al, R. Lo´pez as,
A. Lopez Agu¨era bf, A. Lucero f, S. Maldera ao, M. Malek bm, S. Maltezos ag,
G. Mancarella aj, M.E. Mancen˜ido e, D. Mandat t, P. Mantsch bm, A.G. Mariazzi bi,
I.C. Maris ae, D. Martello aj, N. Martinez e, J. Martı´nez at, O. Martı´nez as, H.J. Mathes aa,
J. Matthews bn,bs, J.A.J. Matthews by, G. Matthiae am, G. Maurin v, D. Maurizio an,
P.O. Mazur bm, T. McCauley bp, M. McEwen bn, R.R. McNeil bn, G. Medina av,
M.C. Medina c, G. Medina Tanco a, A. Meli ac, D. Melo c, E. Menichetti an, A. Menshikov ab,
Chr. Meurer aa, R. Meyhandan bn, M.I. Micheletti c, G. Miele al, W. Miller by, S. Mollerach a,
M. Monasor bd,be, D. Monnier Ragaigne w, F. Montanet y, B. Morales av, C. Morello ao,
E. Moreno as, C. Morris bq, M. Mostafa´ bz, M.A. Muller m, R. Mussa an, G. Navarra ao,
L. Nellen av, C. Newman-Holmes bm, D. Newton bf, T. Nguyen Thi cb, R. Nichol bq,
N. Nierstenho¨fer z, D. Nitz bo, H. Nogima m, D. Nosek s, L. Nozˇka t, J. Oehlschla¨ger aa,
T. Ohnuki bt, A. Olinto bu, L.F.A. Oliveira q, V.M. Olmos-Gilbaja bf, M. Ortiz bd,
S. Ostapchenko aa, L. Otero f, M. Palatka t, J. Pallotta f, G. Parente bf, E. Parizot u,
S. Parlati ap, M. Patel bi, T. Paul bp, K. Payet y, M. Pech t, J. Pekala ba, R. Pelayo at,
I.M. Pepe p, L. Perrone aj, S. Petrera ai, P. Petrinca am, Y. Petrov bk, D. Pham Ngoc cb,
T.N. Pham Thi cb, R. Piegaia e, T. Pierog aa, O. Pisanti al, T.A. Porter bn, J. Pouryamout z,
L. Prado Junior m, P. Privitera am, M. Prouza bl, E.J. Quel f, J. Rautenberg z, H.C. Reis l,
S. Reucroft bp, B. Revenu v, J. Rˇı´dky´ t, A. Risi f, M. Risse aa, C. Rivie`re y, V. Rizi ai,
S. Robbins z, M. Roberts bs, C. Robledo as, G. Rodriguez bf, D. Rodrı´guez Frı´as be,
J. Rodriguez Martino am, J. Rodriguez Rojo am, G. Ros bd,be, J. Rosado bd, M. Roth aa,
C. Roucelle x, B. Rouille´-d’Orfeuil x, E. Roulet a, A.C. Rovero b, F. Salamida ai,
H. Salazar as, G. Salina am, F. Sa´nchez c, M. Santander d, E.M. Santos j, S. Sarkar bg,
R. Sato d, V. Scherini z, H. Schieler aa, T. Schmidt ae, O. Scholten ax, P. Schova´nek t,
F. Schu¨ssler aa, S.J. Sciutto e, M. Scuderi ar, D. Semikoz v, G. Sequeiros an, R.C. Shellard j,
B.B. Siﬀert q, G. Sigl v, P. Skelton bi, W. Slater bt, N. Smetniansky De Grande c,
A. Smiałkowski bb, R. Sˇmı´da t, B.E. Smith bi, G.R. Snow bx, P. Sokolsky bz, P. Sommers br,
J. Sorokin g, H. Spinka bm, E. Strazzeri am, A. Stutz y, F. Suarez ap, T. Suomija¨rvi u,
A.D. Supanitsky c, J. Swain bp, Z. Szadkowski z,bb, A. Tamashiro b, A. Tamburro ae,
O. Tascau z, R. Ticona i, C. Timmermans aw,ay, W. Tkaczyk bb, C.J. Todero Peixoto m,
A. Tonachini an, D. Torresi ar, P. Travnicek t, A. Tripathi bt, G. Tristram v,
D. Tscherniakhovski ab, M. Tueros e, V. Tunnicliﬀe bh, R. Ulrich aa, M. Unger aa,
M. Urban w, J.F. Valde´s Galicia av, I. Valin˜o bf, L. Valore al, A.M. van den Berg ax,
V. van Elewyck u, R.A. Vazquez bf, D. Vebericˇ bc, A. Veiga e, A. Velarde i, T. Venters bu,
V. Verzi am, M. Videla f, L. Villasen˜or au, T. Vo Van cb, S. Vorobiov v, L. Voyvodic bm,
H. Wahlberg e, O. Wainberg c, T. Waldenmaier ae, P. Walker bh, D. Warner bk,
A.A. Watson bi, S. Westerhoﬀ bl, C. Wiebusch z, G. Wieczorek bb, L. Wiencke bz,
B. Wilczyn´ska ba, H. Wilczyn´ski ba, C. Wileman bi, M.G. Winnick g, J. Xu ab,
T. Yamamoto bu, P. Younk bo, E. Zas bf, D. Zavrtanik bc, M. Zavrtanik bc, A. Zech x,
A. Zepeda at, M. Zha bi, M. Ziolkowski af
a Centro Ato´mico Bariloche (CNEA), Instituto Balseiro (CNEA and UNCuyo), CONICET, 8400 San Carlos de Bariloche, Rı´o Negro, Argentina
b Instituto de Astronomı´a y Fı´sica del Espacio (CONICET), CC 67, Suc. 28 (1428) Buenos Aires, Argentina
246 J. Abraham et al. / Astroparticle Physics 27 (2007) 244–253c Laboratorio Tandar (CNEA), CONICET, Univ. Tec. Nac. (Reg. Buenos Aires), Av. Gral. Paz 1499, (1650) San Martı´n, Buenos Aires, Argentina
d Pierre Auger Southern Observatory, Av. San Martin Norte 304, (5613) Malargue, Prov. De Mendoza, Argentina¨
e Universidad Nacional de la Plata, Facultad de Ciencias Exactas, Departamento de Fı´sica and IFLP/CONICET,
Univ. Nac. de Buenos Aires, FCEyN, Departamento de Fı´sica, C.C. 67, (1900) La Plata, Argentina
f Universidad Tecnolo´gica Nacional, Regionales Mendoza y San Rafael, CONICET, CEILAP-CITEFA, Rodrı´guez 273 Mendoza, Argentina
g University of Adelaide, Department of Physics, Adelaide, SA 5005, Australia
h Universidad Catolica de Bolivia, Av. 16 Julio 1732, POB 5829, La Paz, Bolivia
i Universidad Mayor de San Andre´s, Av. Villazo´n N 1995, Monoblock Central, Bolivia
j Centro Brasileiro de Pesquisas Fisicas, Rua Dr. Xavier Sigaud, 150, CEP 22290-180 Rio de Janeiro, RJ, Brazil
k Universidade de Sao Paulo, Inst. de Fisica, Cidade Universitaria Caixa Postal 66318, Caixa Postal 66318, 05315-970 Sao Paulo, SP, Brazil
l Universidade de Sa˜o Paulo, Instituto Astronomico e Geoﬁsico, Cidade Universitaria, Rua do Matao 1226, 05508-900 Sao Paulo, SP, Brazil
m Universidade Estadual de Campinas, Gleb Wataghin Physics Institute (IFGW), Departamento de Raios Cosmicos e Cronologia,
CP 6165, 13083-970 Campinas, SP, Brazil
n Univ. Estadual de Feira de Santana, Departamento de Fisica, Campus Universitario, BR 116, KM 03, 44031-460 Feira de Santana, Brazil
o Universidade Estadual do Sudoeste da Bahia (UESB), Dep. Cieˆncias Exatas, Estrada do Bem-Querer km4,
45083-900 Vitoria da Conquista, BA, Brazil
p Universidade Federal da Bahia, Campus da Ondina, 40210-340 Salvador, BA, Brazil
q Univ. Federal do Rio de Janeiro (UFRJ), Instituto de Fı´sica, Cidade Universitaria, Caixa Postal 68528, 21945-970 Rio de Janeiro, RJ, Brazil
r Univ. Federal Fluminense, Inst. de Fisica, Campus da Praia Vermelha, 24210-340 Nitero´i, RJ, Brazil
s Charles University, Institute of Particle and Nuclear Physics, Faculty of Mathematics and Physics, V Holesovickach 2,
CZ-18000 Prague 8, Czech Republic
t Institute of Physics of the Academy of Sciences of the Czech Republic, Na Slovance 2, CZ-182 21 Praha 8, Czech Republic
u Institut de Physique Nucle´aire, Universite´ Paris-Sud 11 and IN2P3/CNRS, 15, rue Georges Clemenceau, 91400 Orsay, France
v Laboratoire AstroParticule et Cosmologie, Universite´ Paris VII, 11, Place Marcelin Berthelot, F-75231 Paris Cedex 05, France
w Laboratoire de l’Acce´le´rateur Line´aire, Universite´ Paris-Sud 11 and IN2P3/CNRS, BP 34, Batiment 200, F-91898 Orsay cedex, France
x Laboratoire de Physique Nucle´aire et de Hautes Energies, Universite´ Paris 6 & 7 and IN2P3/CNRS, 4 place Jussieu, 75252 Paris Cedex 05, France
y Laboratoire de Physique Subatomique et de Cosmologie (LPSC), IN2P3/CNRS, Universite´ Joseph-Fourier (Grenoble 1), 53, ave. des Martyrs,
F-38026 Grenoble CEDEX, France
z Bergische Universita¨t Wuppertal, Fachbereich C – Physik, GaußStr. 20, D-42097 Wuppertal, Germany
aa Forschungszentrum Karlsruhe, Institut fu¨r Kernphysik, Postfach 3640, D-76021 Karlsruhe, Germany
ab Forschungszentrum Karlsruhe, Institut fu¨r Prozessdatenverarbeitung und Elektronik, Postfach 3640, D-76021 Karlsruhe, Germany
ac Max-Planck-Institut fu¨r Radioastronomie, Auf dem Hu¨gel 69, D-53121 Bonn, Germany
ad RWTH Aachen, III. Physikalisches Institut A, Physikzentrum, Huyskensweg, D-52056 Aachen, Germany
ae Universita¨t Karlsruhe (TH), Institut fu¨r Experimentelle Kernphysik (IEKP), Postfach 6980, D-76128 Karlsruhe, Germany
af Universita¨t Siegen, Fachbereich 7 Physik – Experimentelle Teilchenphysik, Emmy Noether-Campus, Walter-Flex-Str. 3, D-57068 Siegen, Germany
ag Physics Department, School of Applied Sciences, National Technical University of Athens, Zografou 15780, Greece
ah Physics Department, Nuclear and Particle Physics Section, University of Athens, Ilissia 15771, Greece
ai Dipartimento di Fisica dell’Universita` de l’Aquila and INFN, Via Vetoio, I-67010 Coppito, Aquila, Italy
aj Dipartimento di Fisica dell’Universita` di Lecce and Sezione INFN, via Arnesano, I-73100 Lecce, Italy
ak Dipartimento di Fisica dell’Universita` di Milano and Sezione INFN, via Celoria 16, I-20133 Milan, Italy
al Dipartimento di Fisica dell’Universita` di Napoli and Sezione INFN, Via Cintia 2, 80123 Napoli, Italy
am Dipartimento di Fisica dell’Universita` di Roma II ‘‘Tor Vergata’’ and Sezione INFN, Via della Ricerca Scientiﬁca, I-00133 Roma, Italy
an Dipartimento di Fisica Sperimentale dell’Universita` di Torino and Sezione INFN, Via Pietro Giuria, 1, I-10125 Torino, Italy
ao Istituto di Fisica dello Spazio Interplanetario (INAF), sezione di Torino and Dipartimento di Fisica Generale dell’Universita´ and INFN Torino,
Via P. Giuria 1, 10125 Torino, Italy
ap INFN, Laboratori Nazionali del Gran Sasso, Strada Statale 17/bis Km 18+910, I-67010 Assergi (L’Aquila), Italy
aq Osservatorio Astroﬁsico di Arcetri, Largo E. Fermi 5, I-50125 Florence, Italy
ar Dipartimento di Fisica dell’Universita` di Catania and Sezione INFN, Corso Italia, 57, I-95129 Catania, Italy
as Beneme´rita Universidad Auto´noma de Puebla (BUAP), Ap. Postal J – 48, 72500 Puebla, Puebla, Mexico
at Centro de Investigacio´n y de Estudios Avanzados del IPN (CINVESTAV), Apartado Postal 14-740, 07000 Me´xico, D.F., Mexico
au Universidad Michoacana de San Nicolas de Hidalgo (UMSNH), Ediﬁcio C-3 Cd Universitaria, C.P. 58040 Morelia, Michoacan, Mexico
av Universidad Nacional Autonoma de Mexico (UNAM), Apdo. Postal 20-364, 01000 Mexico, D.F., Mexico
aw Department of Astrophysics, IMAPP, Radboud University, 6500 GL Nijmegen, Netherlands
ax Kernfysisch Versneller Instituut (KVI), Rijksuniversiteit Groningen, Zernikelaan 25, NL-9747 AA Groningen, Netherlands
ay NIKHEF, POB 41882, NL-1009 DB Amsterdam, Netherlands
az ASTRON, PO Box 2, 7990 AA Dwingeloo, Netherlands
ba Institute of Nuclear Physics PAN, Radzikowskiego 52, 31-342 Cracow, Poland
bb University of Ło´dz´, Pomorska 149/153, 90 236 Ło´dz, Poland
bc University of Nova Gorica, Laboratory for Astroparticle Physics, Vipavska 13, POB 301, SI-5000 Nova Gorica, Slovenia
bd Departamento de Fisica Atomica, Molecular y Nuclear, Facultad de Ciencias Fisicas, Universidad Complutense de Madrid, E-28040 Madrid, Spain
be Space Plasmas and Astroparticle Group, Universidad de Alcala´, Pza. San Diego, s/n, 28801 Alcala´ de Henares (Madrid), Spain
bf Departamento de Fı´sica de Partı´culas, Campus Sur, Universidad, E-15782 Santiago de Compostela, Spain
bg Rudolf Peierls Centre for Theoretical Physics, University of Oxford, Oxford OX1 3NP, United Kingdom
bh Institute of Integrated Information Systems, School of Electronic Engineering, University of Leeds, Leeds LS2 9JT, United Kingdom
bi School of Physics and Astronomy, University of Leeds, Leeds LS2 9JT, United Kingdom
bj Case Western Reserve University, Department of Physics, Cleveland, OH 44106, United States
bk Colorado State University, Department of Physics, Fort Collins, CO 80523, United States
bl Columbia University, Department of Physics, New York, NY 10027, United States
J. Abraham et al. / Astroparticle Physics 27 (2007) 244–253 247bm Fermilab, MS367, POB 500, Batavia, IL 60510-0500, United States
bn Louisiana State University, Department of Physics and Astronomy, Baton Rouge, LA 70803-4001, United Statesbo Michigan Technological University, Physics Department, 1400 Townsend Drive, Houghton, MI 49931-1295, United States
bp Northeastern University, Department of Physics, 110 Forsyth Street, Boston, MA 02115-5096, United States
bq Ohio State University, 2400 Olentangy River Road, Columbus, OH 43210-1061, United States
br Pennsylvania State University, Department of Physics, 104 Davey Lab, University Park, PA 16802-6300, United States
bs Southern University, Department of Physics, Baton Rouge, LA 70813-0400, United States
bt University of California, Los Angeles (UCLA), Department of Physics and Astronomy, Los Angeles, CA 90095, United States
bu University of Chicago, Enrico Fermi Institute, 5640 S. Ellis Avenue, Chicago, IL 60637, United States
bv University of Colorado, Physics Department, Boulder, CO 80309-0446, United States
bw University of Minnesota, School of Physics and Astronomy, 116 Church St. SE, Minneapolis, MN 55455, United States
bx University of Nebraska, Department of Physics and Astronomy, 116 Brace Lab, Lincoln, NE 68588-0111, United States
by University of New Mexico, Department of Physics and Astronomy, 800 Yale, Albuquerque, NM 87131, United States
bz University of Utah, 115 S. 1400 East # 201, Salt Lake City, UT 84112-0830, United States
ca University of Wisconsin-Milwaukee, Department of Physics, Milwaukee, WI 53201, United States
cb Institute for Nuclear Science and Technology (INST), 5T-160 Hoang Quoc Viet Street, Nghia Do, Cau Giay, Hanoi, Viet Nam
Received 17 July 2006; received in revised form 6 November 2006; accepted 6 November 2006
Available online 18 December 2006Abstract
Data from the Pierre Auger Observatory are analyzed to search for anisotropies near the direction of the Galactic Centre at EeV
energies. The exposure of the surface array in this part of the sky is already signiﬁcantly larger than that of the fore-runner experiments.
Our results do not support previous ﬁndings of localized excesses in the AGASA and SUGAR data. We set an upper bound on a point-
like ﬂux of cosmic rays arriving from the Galactic Centre which excludes several scenarios predicting sources of EeV neutrons from Sag-
ittarius A. Also the events detected simultaneously by the surface and ﬂuorescence detectors (the ‘hybrid’ data set), which have better
pointing accuracy but are less numerous than those of the surface array alone, do not show any signiﬁcant localized excess from this
direction.
 2006 Elsevier B.V. All rights reserved.
Keywords: Cosmic rays; Anisotropies; Galactic centre1. Introduction
The Galactic Centre region constitutes an attractive tar-
get for cosmic ray (CR) anisotropy studies at EeV energies,
where 1 EeV = 1018 eV. These may be the highest energies
for which the galactic component of the cosmic rays is still
dominant. Moreover, since the Galactic Centre (GC) har-
bors the very massive black hole associated with the radio
source Sagittarius A*, as well as the expanding supernova
remnant Sagittarius A East, it contains objects that might
be candidates for powerful CR accelerators. The recent
high signiﬁcance observation by H.E.S.S. of a TeV c ray
source near the location of Sagittarius A* [1], together with
the discovery of a region of extended emission from giant
molecular clouds in the central 200 pc of the Milky Way
[2], further motivates the search for excesses in this direc-
tion. The location of the Pierre Auger Observatory in the
southern hemisphere makes it particularly suitable for
anisotropy studies in this region since the GC, passing only
6 from the zenith at the site, lies well within the ﬁeld of
view of the experiment. The number of CRs of EeV ener-
gies accumulated so far at the Pierre Auger Observatory
from this part of the sky greatly exceeds that from previousobservations, allowing several interesting searches to be
made.
There have been reports by the AGASA experiment [3,4]
indicating a 4.5r excess of cosmic rays with energies in the
range 1018–1018.4 eV in a 20 radius region centred at right
ascension and declination coordinates (a,d) ’ (280,17),
in which the number of observed and expected events [4]
are nobs/nexp = 506/413.6 = 1.22 ± 0.05, where the error
quoted is the one associated with Poisson background
ﬂuctuations. Note that the GC itself, for which we will
adopt hereafter the Sagittarius A* J2000.0 coordinates,
(a,d) = (266.3,29.0), lies outside the AGASA ﬁeld of
view (d > 24.2). Later searches near this region with a
reanalysis of SUGAR data [5], though with smaller statis-
tics, failed to conﬁrm these ﬁndings, but reported a 2.9r
excess ﬂux of CRs with energies in the range 1017.9–
1018.5 eV in a region of 5.5 radius centred at (a,d) =
(274,22), for which they obtained nobs/nexp = 21.8/
11.8 = 1.85 ± 0.29.
It is also sensible to search for a point-like excess from
the GC. Due to the imperfect reconstruction of the arrival
directions, the point source would be smeared on the
angular scale of the resolution of the experiment. In
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energetic sources in the centre of the Galaxy may reach
the Earth before decaying, and they would not be deﬂected
by galactic magnetic ﬁelds. It is interesting to note that
several scenarios predicting neutron ﬂuxes from the GC
detectable by Auger have been put forward in recent years
[6–11].
In this work we use Auger data from the on-going con-
struction phase to test the previous reports of localized
excesses obtained with AGASA and SUGAR data, and
to set limits on a CR ﬂux from the GC direction in a win-
dow matched to the angular resolution of the experiment at
EeV energies. A preliminary analysis of this kind was pre-
sented in [12].
The AGASA experiment has also reported a large scale
anisotropy at EeV energies corresponding to a dipole-like
modulation in right ascension of 4% amplitude, with a
maximum near the GC and a deﬁcit in the anti-centre
direction. We defer the analysis of such large scale signa-
tures for future work. This will require, in particular, con-
trol of the systematic uncertainty of the modulation of the
exposure in right ascension induced by weather eﬀects,
which for the present Auger data set is estimated to be at
a level of 1%. Uncertainties in the background estimates
at this level do not aﬀect the conclusions reached in
the search for localized excesses performed in the present
work.
2. Data set
The Auger surface detector [13], located in Malargu¨e,
Argentina (latitude 35.2, longitude 69.5 W and mean
altitude 1400 m a.s.l.), has been growing in size during
the data taking period considered in this work, which goes
from January 1st 2004 (when 154 detectors had been
deployed) to March 30th 2006 (when 930 detectors were
already deployed). The surface detectors consist of plastic
tanks ﬁlled with 12,000 l of ultra-pure water in which the
charged particles from the air showers produce Cherenkov
light, which is reﬂected by the TyvekTM liners and collected
by three photomultipliers. The basic cell of the array is tri-
angular, with separations of 1.5 km between detector units,
and hence the complete array with 1600 detectors will cover
an area of 3000 km2.
We consider the events from the surface detector (SD)
array with three or more tanks triggered in a compact con-
ﬁguration. The events have to satisfy the level 5 quality
trigger condition, which requires that the detector with
the highest signal be surrounded by a hexagon of working
detectors, since this ensures that the event is well recon-
structed. We also restrict the events to zenith angles
h < 60.
The energies are obtained using the inferred signal size
at 1000 m from the reconstructed shower core, S(1000),
adopting a conversion that leads to a constant ﬂux in dif-
ferent sky directions above 3 EeV, where the acceptance is
saturated. This is the so-called Constant Intensity Cut cri-terion implemented in [14]. A calibration of the energies is
performed using clean ﬂuorescence data, i.e. hybrid events
that were recorded when there were contemporaneous aer-
osol measurements, whose longitudinal proﬁles include the
shower maximum in a measured range of at least
350 g cm2 and in which there is less than 10% Cherenkov
contamination. The estimated systematic uncertainty in
the reconstructed shower energy with the ﬂuorescence
technique is currently 25% [17]. For the hybrid events
measured with both techniques the dispersion between
SD and FD energy assignments is at the level of 35% in
this energy range. From the uncertainty in the measure-
ments of the signals from the Cherenkov tanks [15] the sta-
tistical uncertainty in the energy determination which
results from the ﬁtting procedure is about 20% for the
energy range considered in this work, i.e. 1017.9 eV <
E < 1018.5 eV. Notice that in this energy range 48% of
the events involve just three tanks, 34% involve 4 tanks
and only 18% more than 4 tanks. For three tank events
the 68% quantile angular resolution is about 2.2 and
the resolution improves for events with 4 tanks or more
[16].
Regarding the hybrid events, i.e. those with signal from
both the ﬂuorescence detectors (FD) and surface array, the
angular resolution achieved is much smaller, typically
below 1 degree [16]. Also, given that hybrid events may
trigger with just one surface detector, the associated energy
threshold (1017 eV) is lower, and events up to zenith
angles of 75 are included in the data set. However, the sta-
tistics accumulated are signiﬁcantly less, in part due to the
 15% duty cycle of the ﬂuorescence telescopes and also
because at EeV energies the FD is not fully eﬃcient at
detecting showers over the full SD array. There are for
instance 79265 SD events in the data set considered with
energies 1017.9 eV < E < 1018.5 eV, while the corresponding
number of well reconstructed hybrid events in the same
energy range is just 3439. Note that 25% of the hybrid
events in this energy range involve less than three surface
detectors, and are hence not included in the SD only data
set.3. Results
To study the possible presence of anisotropies, one
needs ﬁrst to obtain the background expectations for the
diﬀerent sky directions under the assumption of an isotro-
pic CR distribution. This is a delicate issue since modula-
tions of the exposure in right ascension are induced by the
dead time of the detectors and the constantly growing
array size. Also the eﬀects of weather variations, especially
near the energy threshold of the detector, may be non-
negligible since they may aﬀect the shower development
in the atmosphere and/or the response of the electron-
ics. Preliminary studies of these eﬀects indicate that the
possible weather-induced background modulations for
the present data set are at a level of 1%, and are
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considered.1
We have followed two diﬀerent approaches [18] to esti-
mate the isotropic expectations for the SD analysis:
• The semi-analytic technique: At EeV energies the zenith
angle dependence of the exposure diﬀers from the
geometric one corresponding to full acceptance, dN /
sinhcoshdh, mainly due to the attenuation in the atmo-
sphere which aﬀects large zenith angle showers. We
therefore perform an analytic ﬁt to the h distribution
of the observed events in the energy range under study
and then make a convolution with the number of hexa-
gons with active detectors (which gives a measure of the
aperture for events satisfying the quality trigger crite-
rion) as a function of time, assuming a uniform response
in azimuth. Through this procedure one obtains an
exposure which accounts for the non-saturated accep-
tance eﬀects and for the non-uniform running times
and array growth. This technique allows to recover the
detector’s acceptance with negligible biases even in
the case in which a large scale pattern is present in the
CRs arrival distribution (see Ref. [18] for details).
• The shuﬄing technique: Here the expected number of
events in any direction is obtained by averaging many
data sets obtained by shuﬄing the observed events in
the energy range of interest so that the arrival times
are exchanged among them and the azimuths are drawn
uniformly. The shuﬄing can be performed in separate
zenith angle bins or by just mixing them all, and we
found no signiﬁcant diﬀerence between these two possi-
bilities. By construction, this exposure preserves exactly
the h distribution of the events and accounts for the
detector dead times, array growth and even in principle
for weather-induced modulations. It might however par-
tially absorb modulations induced by large scale intrin-
sic anisotropies present in the CR ﬂux, such as those due
to a global dipole.
As implemented in the current analysis, the two tech-
niques diﬀer essentially in the treatment of the time depen-
dence of the detectors acceptance. With shuﬄing we follow
the detected rates while with the semi-analytic technique we
assume a dependence only proportional to the detector
size, and these two quantities diﬀer only slightly.
The background estimate obtained with the shuﬄing
technique in the GC region turns out to be about 0.5% lar-
ger than the one obtained with the semi-analytic method.
Since this diﬀerence is much smaller than the size of the
excesses that we are testing and is also below the level of
the Poisson ﬂuctuations, we will hence mainly quote in
the following the values obtained using the semi-analytic
technique.1 A detailed account of weather eﬀects is certainly necessary to test large
scale patterns at the few percent level. Relevant studies are in progress.3.1. Testing the AGASA and SUGAR excesses
In Fig. 1 we show a map of the GC region depicting the
Li-Ma signiﬁcances2 [19] of overdensities in circular win-
dows of 5 radius, for SD data with energies in the range
1017.9–1018.5 eV. This angular scale is convenient to visual-
ize the distribution of overdensities in the windows
explored by SUGAR and AGASA. The galactic plane is
represented with a solid line and the location of the Galac-
tic Centre is indicated with a cross. The region in which
AGASA reported an excess (in a slightly narrower energy
range) is the big circle in the neighborhood of the GC, with
the dashed line indicating the lower boundary of the region
observed by AGASA. The smaller circle indicates the
region where an excess in the SUGAR data was reported.
The size of the overdensities present in this map is con-
sistent with what would be expected as a result of statistical
ﬂuctuations of an isotropic sky. Indeed, Fig. 2 depicts the
distribution of these overdensities together with the expec-
tations from an isotropic ﬂux (average and 2r bounds
obtained from Monte Carlo simulations), and no signiﬁ-
cant departure from isotropy is observed.
For the 20 circle centred at the AGASA location and
for 1018 eV < E < 1018.4 eV, 2116 events are observed while
2159.6 are expected using the semi-analytic technique,
while 2169.7 are expected using the shuﬄing technique. It
is clear that no signiﬁcant excess is observed. Note that
the number of events is more than four times that collected
by AGASA in this region, in part due to the fact that the
GC lies well within the ﬁeld of view of Auger, and in part
due to the fact that the total exposure of Auger is already
double that achieved by AGASA.
It must be borne in mind that there may be systematic
diﬀerences in the energy calibration of the two experiments.
To test whether these diﬀerences could have possibly
masked the AGASA reported excess, we show in Table 1
the observed and expected rates for diﬀerent energy ranges,
oﬀset by 0.1 decade in energy (i.e. by about 25%), keeping
Emax/Emin ﬁxed. We have added a systematic error of 1% to
the expected rates to account for the eﬀects of possible
weather induced modulations. These results show that no
signiﬁcant excesses are seen in the AGASA region for
any of these cases. In particular, at the 2r level the excess
in this region is always less than 6%, well below the 22%
excess reported by AGASA.
Since it is conceivable that particles leading to a local-
ized excess are diﬀerent from the bulk of the CRs (e.g. if
they are nucleons and the bulk of the CRs in this energy
range are heavier nuclei), one may also wonder if the Auger
sensitivity to these particles could be reduced. In particular,
since for Auger the acceptance in this energy range is not
yet saturated, it will be larger for heavy nuclei than for2 For the a parameter in the expression of the Li-Ma signiﬁcance we use
a = nexp/nt, with nt the total number of events in the energy range
considered and nexp the background expected in the angular region
searched.
Fig. 1. Map of CR overdensity signiﬁcances near the GC region on top-hat windows of 5 radius. The GC location is indicated with a cross, lying along
the galactic plane (solid line). Also the regions where the AGASA experiment found their largest excess as well as the region of the SUGAR excess are
indicated.
Fig. 2. Histogram of overdensities on 5 radius windows and for
1017.9 eV < E < 1018.5 eV, together with isotropic expectations (average
and 2r bounds). Overdensities are computed on a grid of 3 spacing for
the patch of the sky depicted in Fig. 1.
Table 1
Events in the AGASA region for diﬀerent shifted energy intervals
Emin [eV] Emax [eV] nobs/nexp
1017.9 1018.3 3179/3153.5 = 1.01 ± 0.02(stat) ± 0.01(syst)
1018 1018.4 2116/2159.5 = 0.98 ± 0.02(stat) ± 0.01(syst)
1018.1 1018.5 1375/1394.5 = 0.99 ± 0.03(stat) ± 0.01(syst)
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develop earlier and are hence more spread out at ground
level. Using the estimates in [20] for the acceptance of pand Fe primaries, we ﬁnd that the sensitivity to protons
is about 30% smaller than to Fe in the energy range stud-
ied (assuming an E3 spectrum). In the case in which the
22% excess reported by AGASA (which had full eﬃciency
at EeV energies) was due to nucleons while the background
was due to heavy nuclei, at least a 15% excess should have
been expected in Auger data. This is much larger than the
upper limit we are obtaining.
Regarding the localized excess observed in SUGAR
data, we ﬁnd in the same angular window and energy range
that nobs/nexp = 286/289.7 = 0.98 ± 0.06, and hence with
more than an order of magnitude larger statistics no signif-
icant excess is seen in this window. Shifting the energy
range to account for possible oﬀsets also resulted in no sig-
niﬁcant excess.3.2. Bounds on a point-like neutron source at the GC
3.2.1. The surface detector results
The optimal search for a point-like source is best done
using a Gaussian ﬁlter matching the angular resolution of
the experiment [21]. For this we can assume that the recon-
structed directions are distributed with respect to the true
direction (separated by an angle b) according to exp(b2/
2r2) per unit solid angle, where r ’ 1.5 at EeV energies,
corresponding to a 68% quantile of 2.25, where we have
ignored a mild zenith angle dependence for simplicity.
We use for this search an energy range between Emin =
1017.9 eV and Emax = 10
18.5 eV. Below Emin the Auger SD
acceptance is very suppressed. Note also that most neu-
trons from a source at the GC would have decayed in ﬂight
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hand, energies above Emax may be hard to achieve for
galactic sources.
For the Gaussian window centred in the Sagittarius A*
direction we get nobs/nexp = 53.8/45.8. This corresponds
to a ratio of 1.17 ± 0.10, where the estimate of the uncer-
tainty takes into account that the window is Gaussian.
Applying the results of [21], we get a 95% CL upper bound
on the number of events from the source of n95s ¼ 18:5. To
translate this into a bound on the source ﬂux we make two
assumptions:
• We assume that the spectrum of the source is similar to
that of the CRs, which is approximately / E3.3 in this
energy range. If the source spectrum were actually
harder, the bound we obtain would be a conservative
one.
• We assume that the composition of the CRs in this
energy range is similar to that of the source, i.e. pro-
ton-like. We will then discuss how the limit is modiﬁed
if the CRs were heavier, in which case the detector
acceptance would be diﬀerent for the bulk of the CRs
and for the neutron source.
Under these assumptions, the energy dependent accep-
tance of the detector has the same eﬀect upon the source
ﬂux and the background ﬂux, so that one can relate the
ratio between the CR ﬂux and the expected number of
background events in this window, with the ratio between
the source ﬂux upper limit and the bound obtained for n95s .
We take for the diﬀerential CR spectrum ﬂux the
expression
UCRðEÞ ’ j50 E
EeV
 3:3
EeV1 km2 yr1 sr1; ð1Þ
which has an E3.3 dependence (consistent with the value
found e.g. by HiRes [22] in the energy range 1017.5 eV <
E < 1018.5 eV), and is a smooth extrapolation of the spec-
trum measured at the Auger Observatory3 at E > 3 EeV.
The factor j is introduced to parameterise our limited
knowledge of the true CR ﬂux and it should be of order
unity according to the existing measurements of the spec-
trum at EeV energies. Note that at 3 EeV the normalisa-
tion of the HiRes and AGASA spectra are above the one
reported by Auger. In particular, the HiRes normalisation
would correspond to adopting j = 1.2 while the AGASA
normalisation would correspond to a value for j of about 2.
Consider a Gaussian ﬁlter matching the angular resolu-
tion characterized by r




; ð2Þ3 A power law ﬁt to the Auger Observatory measurements [14] leads to
UCR(E) = (30.9 ± 1.7) · (E/EeV)2.84±0.03 EeV1 km2 yr1 sr1 (statisti-
cal error only).where b is the angle from the direction of Sagittarius A*.









where A(E) is the energy dependent exposure of the exper-
iment. Similarly, the number of events expected to be ob-










where we take into account that, due to the ﬁnite angular
resolution of the experiment, the arrival directions of the








Using the assumptions noted above, we then get an













dEUCRðEÞ ¼ j0:13 km2 yr1: ð7Þ
Note that the bound on the source ﬂux just scales with
the parameter j, because what is constrained is the ratio
between the source and background ﬂuxes.
Let us now discuss how the bound would change if the
bulk of the CRs were heavy nuclei in this energy range.
Following the discussion in the previous Section, we con-
clude that the upper limit to the ﬂux from the putative
source will have to be scaled by a factor 1.3 under the
assumption that the CRs are iron nuclei and that the
source is a source of neutrons. We thus see that the bound
on the neutron ﬂux could be up to 30% higher if the CR
composition at EeV energies were heavy.
Due to the steeply falling CR spectrum, the bound in
Eq. (7) also holds for Emax!1, i.e. in the inclusive range
E > 1017.9 eV. Setting instead Emin = 1 EeV, the corre-
sponding bound is U95s ¼ j0:06 km2 yr1.
We point out that some of the theoretical predictions for
neutron ﬂuxes (those associated with the AGASA claim,
but not those associated with the TeV results) are based
on the AGASA normalization for the CR ﬂux, which is
about a factor of 3 larger than the Auger ﬂux normaliza-
tion. The earlier predictions must thus be reduced by this
factor to be compared with the ﬂux bounds obtained here.
The predictions of Refs. [7], [8] and [9], which exceed the
upper-bound obtained by more than one order of magni-
tude, are already excluded, and that of [10] is at the level
of the present Auger sensitivity.
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We have also studied the GC region as observed with
hybrid events, detected by both the FD and SD. These
events have a better angular resolution [16] (0.7 at 68%
C.L. in the energy range studied).
Considering the events with 1017.9 eV < E < 1018.5 eV,
no signiﬁcant excess is seen in the GC direction. For
instance, in an optimal top-hat window of 1.59r ’ 0.75
radius, 0.3 events are expected (as estimated using a shuf-
ﬂing method) while no single event direction falls within
that circle. This leads to a source ﬂux upper-bound at
95% CL of
U95s ¼ j0:24 km2 yr1; ð8Þ
which is about a factor of 2 weaker than the SD ﬂux
bound. Note that the energy assignments of the FD apply
regardless of the assumed CR composition (except for a
small correction to account for the missing energy), be they
protons or heavy nuclei. However, the acceptance has a
dependence on composition because diﬀerent primaries de-
velop at diﬀerent depths in the atmosphere. Since a quality
requirement for hybrid events is to have the maximum of
the shower development inside the ﬁeld of view of the tele-
scopes, this aﬀects the sensitivity to diﬀerent primaries. The
bound obtained is indeed a conservative one if the bulk of
the CRs are heavy nuclei.
3.2.3. Relation to a point-like photon source
In [1] the H.E.S.S. collaboration has reported a remark-
ably ﬂat spectrum of gamma rays above 165 GeV (and up
to 10 TeV) from the direction of Sagittarius A*. A naive
extrapolation of this spectrum would lead to a ﬂux of
gamma rays above 1 EeV of 0.04 km2 yr1. Note however
that the bound obtained by us for a neutron source (which
is comparable to this extrapolation) does not apply
straightforwardly for photon primaries, since the accep-
tance (and energy assignments) are modiﬁed.
The spectrum of photons reported from the GC ridge [2]
is also remarkably ﬂat so that this region too merits future
study. The Galactic Centre may house sources of very high-
energy cosmic rays detectable through gamma radiation. It
is clear then that further exposure with the Auger Observa-
tory of this region and a dedicated analysis will be of inter-
est. Also an exploration down to the FD threshold will be
important for the search of photon sources.
4. Conclusions
Using the ﬁrst 2.3 years of Auger data we have searched
for localized anisotropies near the direction of the Galactic
Centre, which is well within the ﬁeld of view of the Obser-
vatory. With statistics much greater than those of previous
experiments, we have looked for a point-like source in the
direction of Sagittarius A, without ﬁnding a signiﬁcant
excess. This excludes several scenarios of neutron sources
in the GC suggested recently. Our searches on larger angu-
lar windows in the neighborhood of the GC do not showabnormally over-dense regions. In particular, they do not
support the large excesses reported in AGASA data (of
22% on 20 scales) and SUGAR data (of 85% on 5.5
scales).
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